sured at end-systole. Mediolateral (ML) and supero-inferior (SI) dimensions of the LA were measured from the apical 4-chamber view and the anteroposterior (AP) dimension from the parasternal long-axis view. LA volume was calculated using the prolate ellipsoid model, which assumes that the LA can be adequately represented as a prolate ellipse with a volume of 4 /3 (ML/2) (SI/2) (AP/2). The LA volume index was calculated as the LA volume divided by body surface area and is reported in ml/m 2 . From the apical window, a 1-2-mm pulsed Doppler sample volume was placed at the mitral valve tip, and mitral flow velocities from 5-10 cardiac cycles were recorded. The mitral inflow velocities were traced, and the following variables were obtained: peak velocity of early (E) and late (A) filling, as well as deceleration time of the E-wave velocity. Tricuspid regurgitant jet velocity was also obtained to estimate pulmonary artery systolic pressure using continuous-wave Doppler, if measurable. Mitral annular velocity was measured by Doppler tissue imaging using the pulsed wave Doppler mode. The filter was set to exclude high-frequency signals, and the Nyquist limit was adjusted to a range of 15-20 cm/s. Gain and sample volume were minimized to provide a high signal to noise ratio. Early diastolic (E') and systolic (S') velocities of the mitral annulus were measured from the apical 4-chamber view with a 2-to 5-mm sample volume placed at the septal corner of the mitral annulus.
CMRI Protocol
Delayed enhancement image was acquired by using 1.5-T imaging unit (Gyroscan Intera, Philips Medical Systems, Best, The Netherlands) 10-15 min after administration of 0.2 mmol/kg of a gadolinium-based contrast agent using an inversion recovery T1-weighted turbo field echo with the parameters of 10 mm slice thickness, typical TR/TE of 4.7/1.5 ms, flip angle of 15°, 36 cm field of view, NSA 2, and acquisition matrix 320/301.
Quantification of LGE
Analyses of CMRI were conducted by cardioradiologists who were unaware of the results of the other study. Quantification of LGE was performed by manually defining the areas of the LV and LGE on all short-axis slices (1 cm thickness) from the base to the apex at end-diastole (beginning of the QRS complex). Summing the areas yielded the total volume of LV and the LGE. The extent of LGE was expressed as absolute LGE volume and LGE percentage of the LV volume (Fig 1) .
Statistical Analysis
Data are presented as mean ± SD. Pearson's partial correlations for confounding variables were performed to evaluate the association between the extent of LGE and both clinical and echocardiographic parameters. Patients were divided into tertiles according to the extent of LGE. The ANOVA test was used to compare results among groups, and post hoc analysis was performed using a Bonferroni test. A p value of ≤0.05 was considered statistically significant.
Results

Baseline Characteristics
The baseline characteristics of the patients are given in 
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Relationship Between LGE and Clinical/Echocardiographic Parameters The LGE volume and percentage did not correlate with NYHA class, S', E', A', or the E/E' ratio. However, a significant age-, mitral regurgitation-and LV mass indexadjusted Pearson's partial correlation was noted between the LA volume index and the LGE volume (r=0.388, p=0.009) and the LGE percentage of the LV volume (r=0.425, p= 0.004) (Fig 2) . The LV mass index did not correlate with the LA volume index (p=0.204). When the patients were divided into tertiles according to the extent of LGE, there was no significant difference in age, sex, NYHA class, LV end-diastolic dimension, LV ejection fraction, LV mass index, presence of LV outflow tract obstruction, S', E' or E/E'. However, the LA volume index and maximal septal thickness were significantly larger in the 3rd tertile than in the 1st tertile (Tables 2,3, Fig 3) . When patients were divided into 2 groups according to the presence of LV outflow tract obstruction and NYHA class (I & II vs III & IV), there was no significant difference in the extent of LGE (p=0.165 and 0.561 for LGE volume and p=0.227 and 0.533 for LGE percentage).
Discussion
Our results demonstrate that LGE is commonly observed in patients with HCM and that the extent of LGE correlates with the LA volume index, the surrogate marker of chronic LV diastolic burden.
The presence of LGE in 85.1% of the study population is consistent with results of previous studies. 11, 12, 14 The LGE percentage of LV volume was 16.4% (range 0-81%) in our study. A previous study quantifying the extent of LGE using a similar method reported that the LGE percentage of LV volume was 10.9% (range 0-48%). 11 However, in that study, patients were younger (47±16) and less symptomatic (>90% of patients were in NYHA I & II) compared with the present patients.
Many clinical and pathophysiological features of HCM result from a complex disturbance of diastolic function. 1, 5, 6, 12, [16] [17] [18] Collagen accumulation, which can lead to an increase in chamber stiffness, is an important determinant of passive diastolic dysfunction in patients with HCM. 19 Clinically, gadolinium contrast media are inert extracellular agents that cannot cross intact sarcolemmal membranes. 20 Therefore, LGE lesions represent areas of increased collagen or myocardial disarray. A recent study suggested that LGE lesions represent regions of increased myocardial collagen, but not disarray, and that segments containing ≥15% collagen were more likely to have LGE. 13 In the present study the extent of LGE correlated significantly with the LA volume index. Because remodeling of the LA reflects a chronic increase in LV filling pressure, an enlarged LA could be a marker of chronic LV diastolic dysfunction. 21 This study demonstrated that the extent of LGE was not associated with resting functional status; however, because remodeling of the LA is a reported predictor of functional capacity in patients with HCM, 22 we speculate that there is a relationship between the extent of LGE and functional capacity, especially during exercise. Further studies are needed to verify this hypothesis.
Study Limitations
In this study, LA volume was calculated using 2-D echocardiography, which requires the geometric assumption of an ellipsoid model. Although Cine MRI measurement of LA volume on consecutive imaging slices covering the entire LA would be more accurate and reproducible, the LA was not included in the CMRI protocol used in our study. Therefore, the measurement of LA volume by CMRI was not feasible in this study.
In conclusion, LGE is a common abnormal observation in gadolinium-enhanced CMRI of patients with HCM. The extent of LGE, expressed as LGE volume and LGE percentage of LV volume, significantly correlates with the LA volume index as a representative marker of chronic LV diastolic dysfunction. This result suggests that myocardial scarring is a pathologic substrate for chronic LV diastolic dysfunction.
